In the present paper we consider the unique local solvability and the smoothing effect for the Zakharov equations :
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at where E is a function from R* xR% to C N 9 n is a function from R^ xR% to R and 1<^JV<^3. (1. !)-(!. 3) describe the long wave Langmuir turbulence in a plasma (see [20] ). E(t, x) denotes the slowly varying envelope of the highly oscillatory electric field and n(t, x) denotes the deviation of the ion density from its equilibrium. When (1.2) depends on the ion sound speed c, that is, (1.2) is replaced by (1.5) i-+AE = nE, n = -\E\ 2 as c-»oo (see [2] , [17] and [20] ). (1.5) is just the nonlinear Schrddinger equation and it is conjectured that the solutions of (1. !)-(!. 2) and the solution of (1.5) have some common properties (see, e.g., [12, § 1 . Introduction]). The Zakharov equations (1. !)-(!. 3) have not yet been studied well, while the nonlinear Schrodinger equation (1.5) has extensively been studied (see, e.g., [3] - [9] ? [11] , [15] and [18] Schochet and Weinstein showed a similar result for (1.1), (1.4) and (1.3) by the different method, but the existence time T of the local solutions does not depend on the parameter c in [12] (see also [2] ). In both [12] and [17] , the assumption n^H" 1 is needed for the construction of the local solutions. This assumption is rather strong, because SttH" 1 We next investigate the smoothing effect of the solutions for (1. !)-(!. 3). It is well known that the nonlinear Schrodinger equation (1.5) has the drastic smoothing effect (see, e.g., [4] , [7] - [10] and [15] ). In [7] and [8] ways assumed in the previous papers [12] and [17] . (4) In Theorems 1.1(2) and (3) the existence time T of the more regular solutions than the strong solutions is the same as that of the strong solutions.
In the previous papers [12] and [17] , Tdepends on the higher order Sobolev norms of the initial data, when the solutions are regular. [4] and [15] ). On the other hand, Part (2) is not so good as in the case of the single nonlinear Schrodinger equation (see [7] - [9] ). This is because the Zakharov system contains the wave equation and it has the form such that the derivative loss occurs. When we investigate the smoothing effect of (1. !)-(!. 3), the derivative loss of (1. !)-(!. 3) causes difficulty again. In addition 9 we can not expect the solution n(t) of the wave equation part to have a smoothing property. However, we can derive the smoothing effect for the solution E(t) of the Schrodinger equation part by using the smoothing effect peculiar to the Schrodinger equation (see [4] , [7] - [10] , [14] and [15] ) and the difference between the Schrodinger equation and the wave equation. Especially in our proof of Theorem 1.2(2) the difference of the derivative in t between the Schrodinger equation and the wave equation plays an important role.
Our plan in this paper is as follows. In Section 2 we prepare several lemmas needed for the proofs of Theorems 1.1 and 1.2. In Section 3 we give the proof of Theorem 1.1 and state some results concerning the existence of global solutionds for (1. !)-(!. 3). In Section 4 we give the proof of Theorem 1.2.
Finally we conclude this section by giving several notations. We next state the local smoothing effect of the evolution operator for the free Schrodinger equation (see [4] , [14] 
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This completes the proof of (ii), since C?
We finally state the lemma concerning the properties of the commutator •/*(0j l^k^N. This will be useful, when we consider the smoothing effect of (1. !)-(!. 3) in the weighted Sobolev space.
Lemma 2A /*(/), l^k^N, commute with id t +A and we have Thus, we first consider the following system: 
where T depends only on N, H^ollff 2 * IWIff 1 and H^Hr 2 . Furthermore, Let T be a small positive constant to be determined later. We put /=(0, T). We define the Banach space X and its norm |(|-||| as follows:
We note that Y is a closed subset in X. For (F, n) e T we define the nonlinear mapping JV[F, w](f ) as follows : 
solutions (E(t), n(tj) of (1. !)-(!. 3) satisfying (L9)-(L12) with T replaced by T, where f depends only on N, \\E
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for 0<,t<f max and l<*k^,N. We rewrite (3.61) as the integral form:
We take the L 4 norm of (3.62) and use Lemma 2.1(i) to obtain 
AE.
we obtain by (3.68)
By the definition of f max we note that d/n, 9 A 9^eL~(0, T';L 2 ) for any T with 0<r'<f fflM . By (3.64)-(3.66) and the Sobolev imbedding theorem we obtain (3.71)
Inserting (3.71) into (3.67), we have
Here at the second inequality of (3.72) we have used the following identity:
Lemma 2.1(ii) with q=4 implies that the first term at the right hand side of (3.72) belongs to L 8fN (R), and (3.66) and the Hardy-Littlewood-Sobolev inequality imply that the second term at the right hand side of (3.72) belongs to L°°(0, f max ) for #=1,2 and to L 8 (0, f ma x ) for #=3. Therefore, (3.72) and the theory of the Volterra type integral equation yield Thus, the proof for even m is complete. In the same way as above we can prove Proposition 3.3 for odd m. M By combining Propositions 3.1, 3.3 and the induction argument we obtain Theorem l.l(2)-(3). Thus, the proof of Theorem LI is completed.
We conclude this section by giving the following theorem concerning the existence of global solutions for (1. !)-(!. 3). The a priori estimates needed for the proof of existence of global solutions are already established by C. Sulem and P.L. Sulem [17 3 Proof of Theorme 2] and by H. Added and S. Added [1, Proof of Theorem] (see also [12] ). The proof of the a priori estimates requires the assumption n^H"" 1 In this section we give the proof of Theorem 1.2. We first describe the proof of Part (1) We rewrite (4.1) as the integral form:
Since (E(t), «(?)) are in the class of Theorem 1.1, we have 
R>Q.
We differentiate (1.1) m/2-l times in r to obtain If m/2-1<0 ? we repeat the same argument as above until we have
Thus, the proof for even m is completed. We similarly prove Theorem 1.2(1) for m odd. 11
We next state the proof of Part (2) Proof of Theorem 1.2(2). We prove Theorem 1.2(2) only in the case where m is an even integer with m^6 and k=2, since the proof for the other cases is the same.
Let (E(t), n(t)) be the solutions of (1. !)-(!. Repeating the above argument 9 we conclude that (4.53) E eEL"(r 3 T; H™ +2 ( \ x \ <cR)) , 0<r<T, R>0 0
Thus, since T is an arbitrary constant with 0<T<T mjlx9 the proof is completed in the case where m is an even integer with m^6 and k=2.
In the same way as above we can prove Theorem 1.2(2) for the other cases, H
